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Aotz Used:

A 1. Title:. Stuuies 20 tihe resenerction of stra..tedl skeletel
musclie.
2. Objectives. Studies wre .oae Yvitn celarence to.

a. conifions tavoring :cestiiution of exgerisentally
injured wmuscle in ischeenia, crusi and thermal injury.

b. cyto- and nistochezistry of differentiction in
muscle, corrz2lating the presence =i uictrivation ¢i nucleic cceids,
myornzemoglobin, phosphatices, glycogen anu celrtein oxidutive
enzynes vith the progressive stuges ol sarcoblistic viffecz=ntiation.

¢. modulation, rzte of regenarcative grouth, ond wolie of
nucleur division of skeletul wtscle 1a ticsue cultue.

B 1. Title: an evaluation of tissue culture as ¢ method of bone
graft procureaent.
2. Objectives:
a. to deteruine th: require.c:ats ior mointeéinancs ol

potentiully osteogenic cells of foztel endostzus in luwxuriant
prgliferation in vitro i1or extende. periocs oi tiue.

b. to determine the efficizacy of ireeze-urla=d concel-
lous bone (non-vi.hiz) .nd clustic sgponge (Loly-vinyl) .= three
dimension.l substrobes Lor foetzl rosteoblests:.

¢. to deterwine the relative eriectiveness of ireeze-

dried cencellous bone wna pizstic sponge both in’iltrateda »ith
hemogenous foetal "osteoblestsy, s in vivo bone grett substitute,

C 1. Title: Correlated stuaies on the chemistiy, growth wnd
metabolism of mesenchymal cellis of the fibrous sad csseous connec-
tive tissue, and theilr sroducts, in mess tissue culture.
2. Objectives:
a. to uetermine vhat effects certuin sterciz horuaones
exert on fibrotlaestic growth in vilro.
b. to deteraine vhich c2ll types 2re «ffected.



¢. to study somne of the fectors inilluencing the action
of such hornones on czils in culture.

d. to deter.aine vhether acid mucopolysaccherides (m-m.s.)
ere preduced in vitro, .nd if they wre, whet Xinas «nc how auch.

e. to discover whet controllatle fictors (compositien
of wmedium, pH, oxygen tension. plasine subsirute ete.) affect the
kinds and amounts of mucoy..,sacchuriaes produced in culture.

f. to study some relationships betieen m p s (metrix)
and reticulum znd collegen (fiber) forumation in vitro.

g. to investigute some of the cytocheuiical charwcter-
istices of cells wussocicted vith w p s vnd fiber {formuation in vitro.

h. to galn iniformation conceruing interwmedi: te steges
of m p s formation, una to stuuy soue of the eniyne systzms con-
cerned in the »rocess

Summery or a2sulbts ena i, 0S

Project i Ischuenia of the tibiclils aliticus wiuscle o rabbits,
produced {ollowiing the aetnod oi Le Gros Cl.o& (1) ves found to
result in an 1nferet whican vs vejuica: By calensive new grovth
of auscle. Compared vwith tecusebic iniguraizs, 1t wgs condiramed,
as othur cutidrs had sugoested, (<, 2,) that restitution or stilu-
ted skelotal muscls cep2nds udon the preservation of pateuwt un-
interrupted scrcolemmicendomyscal guideplenes into Liich continuous
Sercoblastic slips cun grov, win vpon the restoratiun ol vascular
coapetency. ature muscle; ¢lthousd considerdad & highly ospeciel-
izned tissue ty.e;, vws ifound to have =z very greot potentiul for
prolitferation wnd growth, =odulution (v redafrerentiution, facts
to vhich our experieucs with .Ault wuccle 1a tissue culiure (4)
gives deiinite support.

The rode wand rote ol aus.eic growth 1a vitro i-ve been re-
corvaed, and correlated with the cegenerctive growtn vhicli ensuves
after ischaemic und relutiveliy mile theomal injury to wuscle in
rabbits waa rets. Sarcoblastic cevelopment «nd rete of girow th in
tissue culture vze fowld to be glmost ideuticed with the earlier
stages oi regeneration in vivo. The problem oi the origin of the
free histiocytoid cells in the surcoleamic tubecs vhlceh forw after
severe auscle injury (5) (.ad .iso tie origin of sowz of the celliu-
lar forne seen in supposeily myogenic turors) was elucldat=a with
the hely of tissue culture of mautilre suscie. It ves Towd thet
saercoblestic (regeaer.ting -:uscle) ribovons 'erve cuwenie of bLuduing-
off free motile uononuclel te cells, CuLwinie v gsltotic divisicn

and phagocytosis, conlliuing by dicect recoscdeu observotion ecrlisr
studies on foetul muscle in vitro [6) The fate 01 these moctula-

ted eleinents «nd differentiation oi Liscle in vitro vill bhe stualred.
pxtensive znatogicel 50w Lz nove Hecn conuuctes on the
lesions preoducezs by ligation of aucrlient artecrles ol « wuscle,
and on Lnjurlies consequent oL oo..ilcibelin o8 hezt; 40y ice LuG on
crushimg muscle. The clwng,es Luve becn descrabed, «nuw 1t hs been
confiried th.t tune tislogiced potenticlity i mature aiiicerentiztea
striated sxeletazl muscie to poolirercte e regenerute 1sg very
grect. The wost ixngortcnt singie izctnr detsinilning tie success
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of the restitutive process is the integrity o1 tne surcolemmal or
encomysegl plaiies t hich serve ueg rrewe wor4£s. Shoula these be
destroyed or collunse (c¢s in crushiig, severe Lurns) regenaration
is abortive. :

The surccblasts :re belng stuwied histochesically to correlate
the cheaical ond morphologicel 1mages which appedar in successive
steps in dirferentiation Prelininary studies incdicate tihat the
cytoplasim of the sarcoblust 1s rich in #Wl. ribottucleotide «@nd in
phosphatise prior to and auring the first vicible appecrince of
mycfibrils und definitive positive biretfringence. Thege substunces
diminish with differentiation, znd are hurdly apparent efter cross-
striations «nd zacidophilia occur. Lower nucleotides are augmentzd
however, as the fiber matures.

Future plans call for quantite tive biocnewic.l determingtions
of the rate of accumulation oif nucleic wcid in repenerc ting muscle,
to he related to parallel histochemicul vorizs. Identification
(bio and histochemical) and loculization of thiols, glycogen,
phosphatases und oxidative enzymes in regenercation will be anoer-
talken.

Intensive study hus also been awie of the amitotic nuclear
partition vhich is the rule in amuscle. Anatoamic observe tions with
periodic photography of living savrcoblusts in culture wre novw being
mzde. Microspectrophotonetric znaliyses to d.te neve 1ndicated
that in spite of rapid non-mitotic divicion, the daughter nucleil
receive diploid ecuivalents of DN A

Project B. The exnerixentcl wetiwd:n hove heen given in en
application ior a Grant In aiu subu:itted by Lr. C.A.L Bassett,
nov pending in the O.N.i For aetells rel'erence snoulu be mude to
this application.

To date, it has been verified by mecns of tissue culiure
that exuosure ol nuwan coacellous bone to wir for pesicns us to
several hours, did not «dversely irilueunce ite vi.hilaity. JrFrozen
and dehydruted bone, howvevar, shoved no signs of viability.

Cells derived from human encostzwi (cuncellous bone) uzre being
cultivuted over a long tera in preparation if'or obtaining a ruce
of human cells of osteogenic poteunticlity for mass culture. This
involves patient .nd repeated subcultuiring.

The types of cells present e helng studiled wmorpheclogicilly
and histcchemicaeliy in an attenpt te i1dentily <no cifferenticte
the ostzoblast, i e. that wgodulited Llozu or wesencizyin.l cell
capable of deposition of specific bune e trices.

Project C. a - c. it is imova thit cortisone ofrccts fibro-
plasia in vivo (7), but the reports of its cirect action on iibro-
blasts in vivo huve so ar been conitlicting or incoriclusive.

It nas heen found that fitroiulasts grovn in =z mediws of
amniotic fluid ond plasma wvithout the custodary erlbryomic extrzet
(BE) provided tie best meuns of uaeasuvcing the efiect of the steroid
hormones on growth. With water-soluble hydrocorticcuie in concen-
trations of <0C mecg/al or greater, distinet irnhibition of fibroblust
grouwth was demonstruted. Grovth of epitheliun vas not «fiected.

I n the presence of BEE, inhitition could e snovn only vith higher
concentretions of hydrccortisone, suggesting thst BE cont:iins a
princisle antagonistic to the {ibroblast-inhibiting effect of
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hydrocortisvne. Cortisons acetehs 1a zgleous suspension uvsed

in the s.uge concentratbtlicn coused oniy slii_ht innibition oi growth,
while hydrocortisone in suspensiosn céused consiuerably grecter
inhibition oo grovth than did cortisoue wc2ti te, Lubt :lout
one-third 4¢ auch inhibition s vater solution hydrocortisoae,
Desoxycorticosterone, hotn in sus,.ensloy aad solution ves Lound

to he us potent an inhibitor of fawvrobluastic prolireruticn os
soluble hydrocortisone.

In every cuse, the efiect of the Lternic vus ceversillie, o
normel grovth wus resuieu wfeer the cells were restored to a drug-
free meauluva. A profvuad wirect effect of &« cortisone vas thus
unequiveczily Shovn 1n vivo

d - h. In order to galn Dbasic infermation on
thie formubion ofthe natrices of conuvective tisswue wad Lone, to
serve in an uwderstoading of thsir changes in dicewve, injury wnd
repais, the actavitizs of «n isol.ted system coaposaerd clmost
enticely of the groving mesenchysl cells of fibrous, synovicl
or endostzal tissue aiicros wn waventogeous ohject of stuoy.
Cultures of such cells should Le groin undec controlleble conci-
tions, and Lust de cupuule o1 yielding sever.l huncred al. of
fluid medius «nd several grams oi cells to pernlt chermical anclyslis.
Consideruble efiort iu.s been exjperuad 1a the arr:npement or fucili-
ties and invention orf wethols uda,ted to tne purprses uescribed.
Bacteriological culture dishes, por.itting dats gro-th of cells
over lerge suifeces winle wlio ing :iicrosco.lLcxl nhservetion of
the outgroi:th hzve been devised citer wzay experimeats. 4 method
of wass tissue culture ewmploying :2CG1c \Vhose hose 1s zaniictic fluig
has been elaborited.

Using chick neart vad humwn Joetul skin, u:ss tissue cultures
under conditions or optin.l growth have veen daintiinsea fov 4 - 5
veeks, and subaitted for chemicil anulysis. Vhile the cnecicel
analytic vork is stitl in its preliminary ctages, it mey be stated
that obhundant mucin-clots, increcsing 111 uentity wish th2 age
of the cuituras, huve wwea iouwnd 1n the supernatant materini,

These, .iaa the celluli:ir cuiliponents, wre peing subjected to wialytic
study. :
Future plone cull -cor im>lementetion of the ctobtsd obiectives
of this resecrch. Using s:iplifiad wsalc oi canistice fluid and
Slaell c.uouwite of eubryn extract opr its dislysate, atteapts 111

be :zade to inilueure @ 5 8 producticn by tweing wvailelle carbo-
hydr: Le moieties, suifiteu (ougounss, or by wdding drugs.

Histocheaical work shcvs that tner2 .o 1ncanse interceilulir
metachrosasia 1 ths sulipcovti one in cultures of fibrobluasts
derivea froum huaun skin wne wahilic:l cord. The histochenicil
charucteristics ol ivibroblests engeaged inm p s procuction and
their relation to iilier Foraation '1l. Le stuuwisa cl'ter histochew-
ical ideatification vi the asetuchromatic auterizl. The nheriomenon
of vital netacirowasia seeil in living ceils on the uptake o1 basic
dyes of the thiazine group (e.g toluiiinge bilue) is «lso being
studiea.
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additional note: Equipment presenily 1n use in this laborsa-
tory under an ecuipment-loan contruot witi the Office of ilsval
Research, was originaliLy assembled under contract #6 URI-110
Task Order II vith the ¢fiice of Neval Resecrch This oroperty
formed the busic egquipaent of tine Connectiv: Ticsue Laboratory
of the Departuwent ol Qcthopedic Surgery, unazr the principal
direction of Dr. 5.5. Hudcck.

Subsequent to July 1951 tre Connective Tissue Lubori.tory - &s
continued in the chrge ci Dr. J.i'. BElunt, Jr. The Waval property
was retuined under an eqguipment-lo.n contr.ct negoticte¢ with
Dr. alan DeForest Snith, Director of the dew Yorx Ortheopedic
Hospital and the Urthopsuic Surgery Depurtment, under those egils
the labor.tory centinue? to {unction.

In July 195%, on the cdvice 91 o swecicl comiittee ot the
College of Physiciung aud Surgeons (including Dre A. Lattes,
A.P. Stout, A. DeF. Smith, £ xeyer, . murray, C. Ragan, znd
5. Sproul) the preexisti.ag "Connective Tissue Lultorutery: vas
recrganized to eni.rge the scope of contemplated investigations.

Some of the busic and iiscessary peraunent ecuip.ent 1or thne
Histochenistry Laboratory, aov housew in Rooms <16 to <0 oi the
Institute of Ccacer nesccrch 1o tonz College io louned freoua the
O.N.R.

Qpereting 2nneiineb ale et sinbtireiy frc. graiis_oiner tnen
governaeint souress ITae loboretory nes hew no O_N.d. gront
guring the nreriod covereo in this renort.

sttenticn ts &1so wrwvn tu the reqoct subnittzd by the
steff oi thils luoboratory to the 0 4 £ on Sept. 23, 1953 to cover
the period up to Sept 15, 1953.
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